Purpose Infusion reactions (IR) are commonly described side effects of infliximab (IFX) infusions, often leading to discontinuation of IFX. This study aimed to investigate the influence of steroid premedication (PM) on incidence of IR in pediatric inflammatory bowel disease (PIBD) patients receiving IFX. Methods A case-control study in two tertiary centers in Amsterdam, The Netherlands, including PIBD patients receiving IFX. PM with steroids was part of standard care in one center (PM+) but not in the other center (PM−). Acute IR were divided into mild/severe reactions and in grade 1/2/3/4 for detailed exploration. Differences between subgroups were assessed with the T or chi-square test. Multivariate logistic regression was used to assess associations between PM and IR incidence, correcting for comedication usage. Results We included 226 patients (91 PM+, 50% male, mean age at onset of IBD 12.7 years), receiving 3433 infusions. There was no difference between the PM+ and PM− subgroups in incidence of IR (14.3% vs. 17.0% of patients, p = 0.58) and in percentage of infusions followed by IR (1.4% in both subgroups). The OR of developing IR when using PM was 1.06 (95% CI 0.49-2.27, p = 0.89), and the OR of developing a grade 3 or 4 IR when using PM was 0.90 (95% CI 0.24-3.39, p = 0.88) when correcting for co-medication usage. Conclusion The incidence of IR was low, and premedication with steroids did not decrease the incidence of IR in this cohort of PIBD patients receiving IFX. Our results indicate that PM with steroids is not indicated in PIBD to prevent IR.
Introduction
Infliximab (IFX) is a monoclonal antibody with high specificity for TNF-α, a pro-inflammatory cytokine playing an important role in the pathogenesis of inflammatory bowel disease (IBD) [1, 2] . It has become a highly valuable therapy for IBD patients in adults as well as in children [3] . IFX is efficient both in inducing and in maintaining remission [4] , although infusion reactions (IR) are relatively commonly observed side effects, especially in children (12.3-38 .6% of patients) [5] [6] [7] . No consensus exists on the exact definitions of IR [8] , but most commonly described IR against IFX include pruritus, flushing, and dyspnea [2, 5] . The evidence on risk factors for development of IR is however limited [9, 10] . Premedication (PM), such as antihistamines and corticosteroids, has been considered to decrease the odds of developing IR [11] . However, PM may cause side effects as well and using PM leads to an elongated admission time. Additionally, in a large cohort study of adult IBD patients receiving IFX, administration of antihistamines as premedication seemed to increase the risk for IR (2.49% vs. 1.32% if not used, p < 0.0001), while corticosteroids did not seem to significantly influence incidence rates of IR [5] . In children, several small retrospective studies, mostly without the inclusion of a control group, have not confirmed the beneficial effect of PM on the incidence of IR either [12, 13] . Overall, there is currently no consensus on the use of PM in pediatric IBD patients to IFX-related IR [14] . Particularly since the use of IFX is rapidly increasing worldwide, both in pediatric and in adult IBD patients, and because IR commonly lead to discontinuation of IFX, evidence on the effects of PM on IR is needed. This study aimed to investigate the influence of steroids as PM on the incidence of acute IFX-related IR in pediatric IBD patients.
Methods

Data collection
All patients diagnosed with IBD (Crohn's disease (CD), ulcerative colitis (UC), or indeterminate IBD (IBD-U)) in two tertiary care centers for pediatric IBD in Amsterdam (Amsterdam University Medical Centers, location AMC and VU medical center), under 18 years, and treated with IFX between 1998 and 2018, were included in this case-control study. In one of the centers, PM with steroids was routinely administered prior to all IFX infusions, while in the other center, administration of PM prior to IFX was not part of standard care.
The following parameters were collected from the medical charts: sex, age, phenotype, age at diagnosis, location of disease at diagnosis according to the Paris classification [15] , age at first infliximab infusion, previous IBD-related medication, co-medication during infliximab treatment, cumulative number of infusions per patient, occurrence and type of IR, number of infusions prior to occurrence of an IR, ATI levels, type of infliximab (Inflectra 
Administration of infliximab
At the initiation of the IFX treatment, all patients were administered 5 mg/kg body weight infliximab with an infusion time of 2 h. The infusions were scheduled on weeks 0, 2, and 6, followed by intervals of 8 weeks. Adjustments on interval and dosage of infliximab were made by the clinician, based on clinical disease activity, IFX levels, and presence of antibodies. All infusions were administered and observed by trained nurses at a specialized day-care center, and adverse events including IR were documented. All IBD patients on IFX aged 5 years and older in the VU medical center routinely received PM with 100 mg intravenous hydrocortisone, 30 min before administration of infliximab, with a 10-min infusion time. Patients younger than 5 years received 50 mg intravenous hydrocortisone. Patients who were treated with steroids as remission-induction therapy for IBD or for concomitant auto-immune hepatitis while on infliximab therapy, did not receive additional hydrocortisone. This infusion protocol was used during the whole study period.
Definition of infusion reaction
IR against IFX were defined in two ways. First, the reactions were divided into mild or severe (Table 1) [16] . A reaction was considered mild when it was self-limiting or when it disappeared when infusion was slowed down or paused and subsequently continued, and severe when discontinuation of the infusion was required. However in several cases, the infusion could be continued in a later stage with extra precaution. To avoid any bias by categorizing IR as severe, while in fact the infusion was continued later on, a more accurate definition adapted from the Common Terminology Criteria for Adverse Events (CTCAE) from the National Cancer Institute USA (NCI) [17] was used (Table 1) .
Statistical analysis
In case of normally distributed data, means and standard deviations were calculated, and in case of non-normally distributed data, medians and interquartile ranges were calculated. Differences between demographic variables in the PM and non-PM groups were compared using the unpaired T test in case of normally distributed variables, using the MannWhitney U test in case of non-normally distributed variables, and using the chi-square or Fisher's exact test in case of categorical variables. To assess the influence of PM on IR, we used multivariate logistic regression. We anticipated the presence of ATI to be the largest confounder in this study, but as data on ATI levels were missing in nearly half of the cases, we only corrected for usage of co-medication. Co-medication was defined as using an immunomodulator (any thiopurine or methotrexate) started within 1 month after the start of IFX therapy and continued for at least 6 months. All statistical analyses were performed with SPSS Statistics 25. p values of < 0.05 were considered statistically significant.
Results
Patient characteristics
A total of 226 patients, receiving combined 3433 single infusions, were included in this study. Patient characteristics are displayed in Table 2 . The mean number of infusions per patient was 15 (SD 12.3, range 1-75). There were significant differences between the PM and non-PM groups regarding phenotype, disease extension and severity, and previous usage of immunomodulation. Also, patients in the non-PM group had received significantly more infusions.
Infusion reactions
In the PM group, a total of 15 IR (1.4% of all infusions) occurred in 13 (14.3%) patients, compared with a total of 34 IR (1.4% of all infusions) in 23 (17.0%) patients in the non-PM group (Figs. 1 and 2a, b) . Three severe IR were reported, all in the PM group, and four grade 4 IR were reported, of which three in the PM group. Severe reactions included dyspnea and angioedema. Other reported IR were headache (n = 7); nausea and/or vomiting (n = 6); rash (n = 6); chest pain (n = 4); dizziness (n = 2); and chills, pruritus, edema, and temperature rise (n = 1). The number and severity of IR per person are described in Figs. 1 and 2 . The first infusion reaction (n = 36) occurred averagely at the 6th infusion (SD 5.72, range 1-24). The second infusion reaction (n = 11) occurred averagely at the 7th infusion (SD 5.52, range 2-18), and the third (n = 2) at the 6th infusion (SD 3.54, range 3-8).
In the non-PM group, 9 (6.7%) patients eventually did receive premedication because of previous IR. Four of those did not experience another infusion reaction anymore and three did. In two patients, documentation was too limited to tell.
Influence of premedication
The number of patients developing any infusion reaction did not differ statistically significant between the PM and non-PM groups (13/91 vs. 23/135, p = 0.58) (see Fig. 2a) , and neither did the number of patients developing a grade 3/4 infusion reaction (4/91 vs. 6/136, p = 0.99) (see Fig.  2c ). There also was no difference in the relative amount of IR between both groups (median 0 (IQR 0-0) vs. 0 (IQR 0-0), p = 0.75). The odds ratio (OR) of developing any infusion reaction when using PM, corrected for using co-medication, was 1.06 (95% CI 0.49-2.27, p = 0.89). The OR of developing a grade 3 or 4 IR when using PM was 0.90 (95% CI 0.24-3.39, p = 0.88), also corrected for using co-medication.
Risk factors for IR
ATI levels against IFX were measured in 104 patients (46%) and were present in 24 patients (11%) (10 (11.0%) in the PM group and 14 (10.4%) in the non-PM group). Of these 24, six developed IR. Due to the substantial amount of missing data, we could not perform an analysis on the influence of ATI on IR. The number of patients using co-medication in both Infusion is required to stop groups is depicted in Table 2 . Using co-medication did not influence the risk of developing IR (p = 0.39).
The effect of drug holidays on IR incidence could not be assessed reliably, as this was only reported in 3 patient charts. Two of these patients did develop an infusion reaction and the other one did not.
Discussion
In this cohort of pediatric IBD patients receiving IFX infusions, premedication (PM) with steroids was not associated with a decreased incidence of IR; the number of patients developing IR was comparable in both groups. The usage of PM prior to IFX administration has been subject of debate both in adult and pediatric IBD populations [11, 14] . In the pediatric setting, only few studies have addressed this issue, of which most studies were underpowered. Additionally, most of these studies did not distinguish between different types of PM, so no firm conclusions could be drawn [12, 13, 18] . A recent retrospective study including a larger cohort of pediatric IBD patients also assessed the influence of PM with corticosteroids, antihistamines, and acetaminophen on risk for IR [19] . In that study, administration of corticosteroids was associated with a higher risk for IR (RR 8.42, 95% CI 4.6-15.3) while antihistamines seemed to have a protective effect on the development of IR (RR 0.26, 95% CI 0.14-0.64). However, the number of patients receiving corticosteroids as PM was low (n = 30, 402 infusions), and the usage of PM was not standardized as in our cohort, which might have led to selection bias. Our findings are in line with those of a large prospective cohort study in adult IBD patients, including 1632 patients on IFX. In 22.5% of the infusions, steroids were given as PM, but this strategy did not seem to result in a decreased incidence of IR [5] .
Because of our sample size and the limited amount of data on ATI that could be derived from the charts, we could not assess any risk factors for developing IR such as ATI. However, in the study of Miele et al. [10] , a significant difference was found between the number of IR between pediatric IBD patients with and without ATI (13.8% of 94 infusions vs. 3.6% of 140 infusions, respectively; p < 0.01). The same study and others also identified the usage of concomitant immunomodulation as a negative risk factor for development of ATI [20] . To minimize bias due to confounding by unknown ATI levels in our population, we used concomitant immunomodulatory therapy as covariate, as this significantly reduces ATI-forming [21] . Other studies also found an association between drug holidays and IR [9, 16] , but this could not be confirmed in our study.
This study has several limitations. Due to the retrospective design, not all baseline characteristics could be collected, and reporting of IR by the nurse was not done on a standardized matter. This may have led to an underestimation of IR. However, it is worth noting that severe reactions are always reported by the nurses in both hospitals, while the pharmacy reports have been checked for the issuing of any emergency medication. For this reason, we also assessed the effect of PM on solely grade 3 and 4 IR. Categorizing IR may be challenging in retrospective studies, due to the lack of standardization of reporting of any IR among nurses in both hospitals. However, categorizing IR is of great importance, because reported incidence of IR in different studies highly depends on the used definitions for IR [8] . For this reason, we chose to include only acute reactions, as delayed reactions are not well reported in most cases. Subsequently, we decided to subdivide reported IR into different categories, as IR which require medication or even cessation of the infusion are of greater clinical importance than, for example, a self-limiting, mild headache. Another limitation is the difference in baseline characteristics between both groups: there were significant differences in disease phenotype for example. However, this variable has not been reported to contribute as a risk factor for development of IR, so we believe the influence of this difference is of limited importance. More importantly, there was a significant difference in usage of concomitant immunomodulatory therapy. But as mentioned above, we minimized subsequent bias by entering this as covariate in our logistic regression model.
Another limitation of this study is the sample size. We included every pediatric IBD patient that received one or more IFX infusion in the two participating tertiary care centers, which led to inclusion of as much as 226 subjects and 3433 infusions. Although this is a relatively large group considering the prevalence of IBD among children in Europe, this study is still underpowered to detect very small differences in incidence of IR. To reach an appropriate (80%) power, a future, preferably prospective, controlled study would need approximately 2000 participants per treatment group to detect the same difference we found. It could be questioned if this is feasible and, more importantly, whether this is clinically relevant, taking into account the low incidence of significant IR, as observed in both subgroups from the present study: only eight grade 3 and four grade 4 reactions out of the 3433 infusions. However, it would be interesting to investigate the effect of other types of PM, like antihistamines, in high-risk patients, such as patients with a history of an infusion reaction or patients with elevated ATI.
The present study is the largest case-control study in which PM with steroids was routinely given in one of the groups and not in the other groups of pediatric IBD patients, which minimized the risk of selection bias. Even though the two groups were collected from two different hospitals, the patient populations had similar demographic characteristics, as both hospitals are located in one city and cover the same area and use similar protocols-besides the administration of PM.
In conclusion, in our cohort consisting of 226 IBD children on IFX, with 3433 single IFX infusions, the incidence of IR was relatively low. Administration of PM with corticosteroids did not influence IR rates. Therefore, and also based on previous study outcomes, we advise not to routinely prescribe steroids as premedication prior to IFX in pediatric IBD patients.
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